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(57) ABSTRACT 

A sample analyzer is provided that is capable of eliciting 
suf?cient performance of an avalanche photodiode, and per 
forming high-precision analysis of the sample. The sample 
analyzer is provided With a WBC detection section that uses 
the avalanche photodiode as a photoreceptor element. The 
WBC detection section is provided With a How cell, semicon 
ductor light source, side collective lens, dichroic mirror, and 
avalanche photodiode. The side collective lens is a lens With 
a high NA (numeric aperture), and an aspheric lens With a 
small aberration. The sample analyzer prepares a scattergram 
using side ?uorescent light signals and side scattered light 
signals to classify White blood cells into ?ve categories. 
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BLOOD ANALYZER, SAMPLE ANALYZER, 
AND FLOW CYTOMETER 

[0001] This is a Continuation application of US. applica 
tion Ser. No. 11/398,548 ?led Apr. 6, 2006, Which claims 
priority from JP 2005-11 141 1 ?led Apr. 7, 2005, the contents 
of Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a blood analyzer for 
analyzing blood, a sample analyzer for analyzing samples 
containing particles, and a ?oW cytometer used in the sample 
analyzer. 

BACKGROUND 

[0003] Blood analyzers are knoWn to count the numbers of 
red blood cells, White blood cells, and platelets. Such blood 
analyzers measure the red blood cells and platelets from a 
blood sample of diluted blood, and measure the White blood 
cells from samples of hemolyzed blood. Electrical resistance 
methods for detecting the electrical resistance of the sample, 
and ?oW cytometric methods for detecting the scattered light 
from a sample irradiated With light are used in these measure 
ments. The electrical resistance signals employed in the mea 
surements using the electrical resistance method and scat 
tered light signals employed in the measurements using ?oW 
cytometry re?ect the size of the blood cell, and red blood 
cells, White blood cells, and platelets can be counted using the 
signals. 
[0004] Many such blood analyzers have the function of 
classifying White blood cells. White blood cell classi?cation 
classi?es White blood cells as lymphocytes, monocytes, neu 
trophils, eosinophils, and basophils. These types of White 
blood cells can not be classi?ed simply by information on the 
size of the blood cell since there are very similar in size. In this 
case, White blood cells are classi?ed by distributing blood in 
a plurality of aliquots, preparing a plurality of measurement 
samples by mixing different types of reagents in the respec 
tive aliquots, then measuring the plurality of measurement 
samples by various methods. 
[0005] For example, the model SF-3000 manufactured by 
Sysmex corporation is con?gured to prepare a ?rst measuring 
sample by admixing a reagent for four classi?cations of White 
blood cells in a ?rst blood (aliquot), to irradiate the ?rst 
measuring sample With light, to detect the loW angle scattered 
light and high angle scattered light, and to classify White 
blood cells in four classi?cations of lymphocytes, monocytes, 
eosinophils, and a group comprised of neutrophils and baso 
phils based on the loW angle scattered light signals and high 
angle scattered light signals. On the other hand, SF-3000 is 
con?gured to prepare a second measuring sample by admix 
ing a reagent for classifying basophils in a second blood 
(aliquot), to irradiate the second measuring sample With light, 
to detect the loW angle scattered light and high angle scattered 
light, and to classify White blood cells in tWo classi?cations of 
basophils and other (lymphocytes, monocytes, neutrophils, 
and eosinophils) based on the loW angle scattered light signals 
and high angle scattered light signals.And SF-3000 is capable 
of classifying White blood cells in ?ve classi?cations from 
both classi?cation results (refer to US. Pat. No. 5,677,183). 
[0006] Similarly, dividing blood into tWo aliquots and pre 
paring tWo types of measuring samples by mixing reagents 

Dec. 17, 2009 

With the respective aliquots, then measuring these aliquots 
and classifying the White blood cells in ?ve categories is 
Widely performed. For example, the models XE-2100i and 
XT-2000i manufactured by Sysmex Corporation are con?g 
ured to prepare a ?rst measuring sample by admixing a 
reagent for four classi?cations of White blood cells in a ?rst 
blood, to irradiate the ?rst measuring sample With light, to 
detect the side scattered light and ?uorescent light, and to 
classify White blood cells in four classi?cations of lympho 
cytes, monocytes, eosinophils, and a group comprised of 
neutrophils and basophils based on the side scattered light 
signals and ?uorescent light signals. On the other hand, 
XE-2100i and XT-2000i are con?gured to prepare a second 
measuring sample by admixing a reagent for basophil classi 
?cation in a second blood, to irradiate the second measuring 
sample With light, to detect the forWard scattered light and 
side scattered light, and to classify the White blood cells as 
basophils and other based on the forWard scattered light sig 
nals and side scattered light signals. 
[0007] Furthermore, the ADVIA manufactured by Bayer 
Corporation prepares a ?rst measuring sample by admixing a 
reagent for four classi?cations of White blood cells in a ?rst 
blood, irradiates the ?rst measuring sample With light, detects 
the scattered light and absorbed light, then classi?es the White 
blood cells in four classi?cations of lymphocytes, monocytes, 
eosinophils, and a group comprised of neutrophils and baso 
phils based on the scattered light signals and absorbed light 
signals. The other hand, ADVIA prepares a second measuring 
sample by admixing a reagent for basophil classi?cation in a 
second blood, irradiates the second measuring sample With 
light, detects the loW angle scattered light and high angle 
scattered light, and classi?es the White blood cells as baso 
phils and other based on the loW angle scattered light signals 
and high angle scattered light signals. 
[0008] Still further, the Pentra manufactured by ABX Cor 
poration prepares a ?rst measuring sample by admixing a 
reagent for four classi?cations of White blood cells in a ?rst 
blood, irradiates the ?rst measuring sample With light, detects 
the absorbed light, detects the electrical resistance (imped 
ance) in the ?rst measuring sample, classi?es the White blood 
cells in four classi?cations of lymphocytes, monocytes, eosi 
nophils, and a group comprised of neutrophils and basophils 
based on the electrical resistance signals and absorbed light 
signals. The other hand, Pentra prepares a second measuring 
sample by admixing a basophil classi?cation reagent in a 
second blood, detects the electrical resistance of the second 
measuring sample, and classi?es as the basophils and other 
based on the electrical resistance signals. 

[0009] Still further, apparatuses are provided that classify 
White blood cells from a single blood sample (aliquot). These 
apparatuses are con?gured to classify ?ve types of White 
blood cells using three or more detection signals (for 
example, refer to US. Pat. No. 5,138,181). For example, the 
LH series of apparatuses manufactured by Beckman-Coulter 
Corporation prepare a single measuring sample by admixing 
a White blood cell classi?cation reagent in a blood sample, 
irradiate the measuring sample With light, and detect the 
forWard scattered light, as Well as detect the direct current 
electrical resistance and high frequency electrical resistance 
in the measuring sample, and classify the White blood cells 
into ?ve categories based on the three detection signals of the 
direct current electrical resistance signals, high frequency 
electrical resistance signals, and forWard scattered light sig 
nals (refer to WO88/007187). Moreover, the Celldyn series of 
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apparatuses manufactured by Abbott Laboratories prepares a 
single measuring sample by admixing a White blood cell 
classi?cation reagent in a blood sample, irradiate the measur 
ing sample With light, detect the scattered light at 0 degrees, 
scattered light at 10 degrees, 90 degree polariZed scattered 
light, and 90 degree depolarized scattered light, and classi?es 
White blood cells in ?ve categories based on the 0 degree 
scattered light signals, 10 degree scattered light signals, 90 
degree polariZed scattered light signals, and 90 degree depo 
lariZed scattered light signals (refer to WO93/016384). 
[0010] As described above, in conventional blood analyZ 
ers, a plurality of aliquots are required to classify White blood 
cells in ?ve classi?cations, or three or more signals are 
required to classify White blood cells in ?ve classi?cations by 
using a single aliquot. More blood is necessary When a plu 
rality of aliquots are required than using a single aliquot, and 
a plurality of mixing chambers are required to prepare mea 
suring samples from the respective aliquots. When three or 
more signals are needed, the structure of the apparatus 
becomes complex since many photoreceptor elements and 
electrical resistance detecting elements are required to detect 
the respective signals. 
[0011] Furthermore, ?oW cytometers installed in such 
blood analyZers are provided With a ?oW cell through Which 
the liquid of the sample ?oWs, light source for irradiating the 
?oW cell With light, and photoreceptor elements, such that the 
light from the light source is scattered by the particles (blood 
cells) in the ?oW cell, and ?uorescent light is generated by 
particles stained With ?uorescent dye that receive the irradi 
ating light, the scattered light and ?uorescent light is received 
by the photoreceptor elements, and the received light signals 
are analyZed in the process of analyZing the sample. Although 
photodiodes, photomultipliers and the like may be used as the 
photoreceptor elements, high sensitivity photomultipliers are 
generally used as the ?uorescent photoreceptors due to the 
Weakness of the ?uorescent light compared to the scattered 
light. Further, a ?oW cytometer has been disclosed that uses 
avalanche photodiode (APD) as a ?uorescent light photore 
ceptor as an alternative to the photomultiplier (refer to WO 94/ 

29695). 
[0012] Since the avalanche photodiode has different sensi 
tivity characteristics than other photoreceptors, such as typi 
cal photodiodes, photomultipliers and the like, adequate per 
formance cannot be achieved by simply replacing other 
photoreceptors With the avalanche photodiode directly. 

SUMMARY 

[0013] The scope of the present invention is de?ned solely 
by the appended claims, and is not affected to any degree by 
the statements Within this summary. 
[0014] The ?rst aspect of the present invention relates to a 
blood analyZer comprising: a preparation section for prepar 
ing a measurement sample by mixing at least a staining 
reagent for staining White blood cells With a blood sample; a 
detection section for detecting at least a ?rst characteristic 
information and a second characteristic information repre 
senting characteristics of the measurement sample from the 
prepared measurement sample; and an analysis section for 
classifying the White blood cells contained in the measure 
ment sample into ?ve classi?cations based on the detected 
?rst characteristic information and second characteristic 
information; Wherein the detection section comprises a light 
source for irradiating a measurement sample With light; and 
avalanche photodiode for receiving ?uorescent light gener 
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ated by irradiating a measurement sample With light from the 
light source and outputting a ?uorescent light signal corre 
sponding to the intensity of the received light, and the ?rst 
characteristic information is the ?uorescent light signal out 
put from the avalanche photodiode. 
[0015] The second aspect of the present invention relates to 
a sample analyZer comprising: a ?oW cell for forming a liquid 
?oW of a sample containing particles; a light source for irra 
diating the ?oW cell With light; an avalanche photodiode for 
receiving light from a liquid ?oW in the ?oW cell irradiated 
With light by the light source; and an aspheric lens provided in 
the optical path connecting the ?oW cell and the avalanche 
photodiode. 
[0016] The third aspect of the present invention relates to a 
?oW cytometer comprising: a ?oW cell for forming a liquid 
?oW of a sample containing particles; a light source for irra 
diating the ?oW cell With light; an avalanche photodiode for 
receiving light from a liquid ?oW in the ?oW cell irradiated 
With light by the light source; and an aspheric lens provided in 
the optical path connecting the ?oW cell and the avalanche 
photodiode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a front vieW brie?y shoWing the structure 
of the sample analyZer of an embodiment; 
[0018] FIG. 2 is a perspective exterior vieW of the measure 
ment unit provided in the sample analyZer of the embodiment; 
[0019] FIG. 3 is a perspective vieW shoWing the internal 
structure of the measurement unit provided in the sample 
analyZer of the embodiment; 
[0020] FIG. 4 is a side vieW shoWing the internal structure 
of the measurement unit provided in the sample analyZer of 
the embodiment; 
[0021] FIG. 5 is a block diagram shoWing the structure of 
the measurement unit provided in the sample analyZer of the 
embodiment; 
[0022] FIG. 6 is a ?uid circuit diagram shoWing the struc 
ture of the sample supply section provided in the measure 
ment unit; 
[0023] FIG. 7 is a perspective vieW schematically shoWing 
the structure of the ?oW cell provided in the measurement 
unit; 
[0024] FIG. 8 is a brief plan vieW schematically shoWing 
the structure of the ?oW cytometer provided in the measure 
ment unit; 
[0025] FIG. 9 is a side section vieW shoWing the shape of 
the side collective lens provided in the ?oW cytometer; 
[0026] FIG. 10 is a scattergram shoWing the result of an 
experiment conducted using a conventional sample analyZer; 
and 
[0027] FIG. 11 is a scattergram shoWing the result of an 
experiment conducted using the sample analyZer of the 
embodiment. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

[0028] The embodiment of the present invention is 
described hereinafter based on the draWings. 
[0029] FIG. 1 is a front vieW brie?y shoWing the structure 
of the sample analyZer of an embodiment. As shoWn in FIG. 
1, a sample analyZer 1 of the present embodiment is used in 
blood testings, comprises a measurement unit 2 and data 
processing unit 3. The measurement unit 2 performs prede 
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termined measurements of components contained in blood 
specimens, and the measurement data are subjected to an 
analysis process When received by the data processing unit 3. 
The sample analyZer 1 is installed in medical facilities such as 
hospitals, or pathology laboratories and the like. The mea 
surement unit 2 and data processing unit 3 are connected by a 
data transfer cable 311 so as to be capable of mutual data 
communications. the con?guration is not limited to a direct 
connectionbetWeen the measurement unit 1 and data process 
ing unit 3 by the data transfer cable 3a, inasmuch as, for 
example, the measurement unit 2 and data processing unit 3 
may also be connected through a dedicated line using a tele 
phone line, or a communication netWork such as a LAN, 
Internet or the like. 

[0030] FIG. 2 is a perspective vieW of the exterior of the 
measurement unit 2. As shoWn in FIG. 2, at the loWer right of 
the front of the measurement unit 2, is provided With a blood 
collection tube placement unit 211 for placing a blood collec 
tion tube 20 that contains a blood sample. The blood collec 
tion tube placement unit 211 can receive a blood collection 
tube 20 placed therein by a user When a button sWitch 2b 
provided nearby is pressed by the user and the blood collec 
tion tube placement unit 211 moves in a forWard direction. 
After the blood collection tube 20 has been placed, the user 
again presses the button sWitch 2b and the blood collection 
tube placement unit 211 WithdraWs and closes. 

[0031] FIG. 3 is a perspective vieW shoWing the interior 
structure of the measurement unit 2, and FIG. 4 is a side vieW 
of the same. The blood collection tube placement unit 211 
holding the collection tube 20 is received Within the measure 
ment unit 2 as previously described, and the collection tube 20 
is positioned at a predetermined suction position. A sample 
supply unit 4 including a pipette 21 for suctioning samples, 
chambers 22 and 23 for mixing and adjusting blood and 
reagent and the like is provided Within the measurement unit 
2. The pipette 21 is tube-like and extends vertically, and the 
tip is sharply tapered. The pipette 21 is linked to a syringe 
pump not shoWn in the draWing, and a predetermined amount 
of liquid can be suctioned or discharged by the operation of 
this syringe pump; the pipette 21 is also linked to a moving 
mechanism so as to be movable in vertical directions and 
forWard and backWard directions. The blood collection tube 
20 is sealed by a rubber cap 20a, and the sharp tip of the 
pipette 21 pieces the cap 20a of the collection tube 20 placed 
at the suction position, and a predetermined amount of blood 
sample contained in the collection tube 20 can be suctioned 
by the pipette 21. As shoWn in FIG. 4, chambers 22 and 23 are 
provided behind the collection tube placement unit 2a; the 
pipette 21 is moved by the moving mechanism When the 
blood sample has been suctioned, and supplies the blood 
sample to the chambers 22 and 23 by discharging the blood 
sample into the chambers 22 and 23. 

[0032] FIG. 5 is a block diagram shoWing the structure of 
the measurement unit 2, and FIG. 6 is a ?oW circuit diagram 
shoWing the structure of the sample supply unit 4. As shoWn 
in FIG. 4, the measurement unit 2 is provided With a sample 
supply unit 4, WBC detection unit 5, RBC detection unit 6, 
HGB detection unit 7, control unit 8, and communication unit 
9. The control unit 8 is con?gured by a CPU, ROM, RAM and 
the like, and performs operation control of each type of struc 
tural element of the measurement unit 2. The communication 
unit 9 is an interface, such as, for example, an RS-232C 
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interface, USB interface, Ethernet (registered trademark), 
and is capable of sending and receiving data to/from the data 
processing unit 3. 
[0033] As shoWn in FIG. 6, the sample supply unit 4 is a 
?oW unit provided With a plurality of electromagnetic valves, 
diaphragm pumps and the like. Chamber 22 is used to adjust 
the sample supplied for the measurement of red blood cells 
and platelets, and the measurement of hemoglobin. The 
chamber 23 is used adjust the sample supplied for White blood 
cell measurement. FIG. 6 shoWs only the structure of the ?oW 
circuit on the periphery of the chamber 23 in order to simplify 
the draWing. The chamber 23 is connected to a reagent con 
tainer FFD accommodating hemolytic agent and a reagent 
container FFS accommodating staining ?uid through ?uid 
?oW paths P1 and P2, such as tubes or the like. Electromag 
netic valves SV19 and SV20 are provided in the ?uid ?oW 
path P1 connecting the chamber 23 and the reagent container 
FFD, and a diaphragm pump DP4 is provided betWeen the 
electromagnetic valves SV19 and SV20. The diaphragm 
pump DP4 is connected to a positive pressure source and a 
negative pressure source, such that the diaphragm pump DP4 
can be operated by positive pressure drive and negative pres 
sure drive. Electromagnetic valves SV40 and SV41 are pro 
vided in the ?uid ?oW path P2 connecting the chamber 23 and 
the reagent container FPS, and a diaphragm pump DPS is 
provided betWeen the electromagnetic valves SV40 and 
SV41. 

[0034] The electromagnetic valves SV19, SV20, SV40, 
SV41, and diaphragm pumps DP4 and DPS are operationally 
controlled as folloWs, and are capable of supplying hemolytic 
agent and staining ?uid to the chamber 23. First, the electro 
magnetic valve SV19, Which is disposed on the reagent con 
tainer FFD side of the diaphragm pump DP4, is opened, and 
With the electromagnetic valve SV20, Which is disposed on 
the chamber 23 side of the diaphragm pump DP4, in the 
closed state, a hemolytic agent is supplied in a ?xed dosage 
from the reagent container FFD by negative pressure actua 
tion of the diaphragm pump DP4. Thereafter, the electromag 
netic valve SV19 is closed, the electromagnetic valve SV20 is 
opened, and the ?xed quantity of hemolytic agent is supplied 
to the chamber 23 by positive pressure actuation of the dia 
phragm pump DP4. Similarly, the electromagnetic valve 
SV40, Which is disposed on the reagent container FFS side of 
the diaphragm pump DPS, is opened, and With the electro 
magnetic valve SV41, Which is disposed on the chamber 23 
side of the diaphragm pump DPS, in the closed state, a stain 
ing ?uid is supplied in a ?xed dosage from the reagent con 
tainer FFS by negative pressure actuation of the diaphragm 
pump DPS. Thereafter, the electromagnetic valve SV40 is 
closed, the electromagnetic valve SV41 is opened, and the 
?xed quantity of staining ?uid is supplied to the chamber 23 
by positive pressure actuation of the diaphragm pump DPS. 
Thus, the blood sample and reagents (hemolytic reagent and 
staining ?uid) are mixed and the sample is adjusted for White 
blood cell measurement. 

[0035] Furthermore, the chamber 23 is connected to the 
WBC detection unit ?oW cytometer through a ?uid ?oW path 
P3 that includes tubes and an electromagnetic valve SV4. The 
?uid ?oW path P3 branches in its medial region, and electro 
magnetic valves SV1 and SV3 are connected in series at the 
branch point. A syringe pump SP2 is disposed medially to the 
electromagnetic valves SV1 and SV3 . A stepping motor M2 is 
connected to the syringe pump SP2, such that the syringe 
pump SP2 is actuated by the operation of the stepping motor 
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M2. Furthermore, the ?uid ?ow path P3 connecting the cham 
ber 23 and the WBC detection unit 5 also branches, and an 
electromagnetic valve SV29 and diaphragm pump DP6 are 
connected at the branch point. When white blood cells are 
measured by the WBC detection unit 5, the diaphragm pump 
DP6 is operated under negative pressure with the electromag 
netic valves SV4 and SV29 in an open state, and the sample 
charges the ?uid ?ow path P3 when the sample is suctioned 
from the chamber 23. When the sample charging is com 
pleted, the electromagnetic valves SV4 and SV29 are closed. 
Thereafter, the electromagnetic valve SV3 is opened, and the 
charged sample is supplied to the WBC detection unit 5 by 
operating the syringe pump SP2. 
[0036] As shown in FIG. 6, the sample supply unit 4 is 
provided with a sheath ?uid chamber 24, and the sheath ?uid 
chamber 24 is connected to the WBC detection unit 5 through 
the ?uid ?ow path P4. An electromagnetic valve SV31 is 
provided in the ?uid ?ow path P4. The sheath ?uid chamber 
24 is a chamber for storing sheath ?uid to be supplied to the 
WBC detection unit 5, and is connected to the sheath ?uid 
container EPK that holds the sheath ?uid through the ?uid 
?ow path P5 that includes tubes and an electromagnetic valve 
SV33. Before starting the measurement of white blood cells, 
the electromagnetic valve SV33 is opened and sheath ?uid is 
supplied to the sheath ?uid chamber 24, such that sheath ?uid 
is stored in the sheath ?uid chamber 24 beforehand. Then, 
when the measurement of white blood cells begins, the elec 
tromagnetic valve SV31 is opened, and sheath ?uid stored in 
the sheath ?uid chamber 24 is supplied to the WBC detection 
unit 5 simultaneously with the sample supplied to the WBC 
detection unit 5. 

[0037] The WBC detection unit 5 is an optical type ?ow 
cytometer, and is capable of measuring white blood cells by a 
?ow cytometry via a semiconductor laser. The WBC detec 
tion unit 5 is provided with a ?ow cell 51, which forms the 
?uid ?ow of the sample. FIG. 7 is a perspective view sche 
matically showing the structure of the ?ow cell 51. The ?ow 
cell 51 is con?gured by a material such as transparent glass, 
glass, synthetic resin and the like, formed in a tube-like shape, 
and is a ?ow path through the interior of which the sheath ?uid 
?ows. The ?ow cell 51 is provided with an ori?ce 51a, the 
internal cavity of which has an aperture that is narrower than 
the other parts. The vicinity of the inlet of the ori?ce 51a of 
the ?ow cell 51 has a double-tube structure, and the internal 
side of this tube part becomes a sample noZZle 51b. The 
sample noZZle 51b is connected to the ?uid ?ow path P3 of the 
sample supply unit 4, and sample is discharged through the 
sample noZZle 51b. Furthermore, the cavity on the outer side 
of the sample noZZle 51b is the ?ow path 510 through which 
the sheath ?uid ?ows, and the ?ow path 510 is connected to 
the previously described ?uid ?ow path P4. The sheath ?uid 
supplied from the sheath ?uid chamber 24 ?ows through the 
?ow path 510 via the ?uid ?ow path P4, and is introduced to 
the ori?ce 51a. The sheath ?uid supplied to the ?ow cell 51 in 
this way ?ows so as to encapsulate the sample discharged 
from the sample noZZle 51b. Then, the sample ?ow is con 
stricted by the ori?ce 5111, such that the particles of white 
blood cells and red blood cells contained in the sample are 
encapsulated in the sheath ?uid and pass through the ori?ce 
51a one by one. 

[0038] FIG. 8 is a brief plan view that schematically shows 
the structure of the WBC detection unit 5. A semiconductor 
laser light source 52 is arranged in the WBC detection unit 5 
so as to emit laser light toward the ?ow cell 51. An illumina 
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tion lens system 53 including a plurality of lenses is arranged 
medially to the ?ow cell 51 and the semiconductor laser light 
source 52. Parallel beams emitted from the semiconductor 
laser light source 52 are collected at a beam spot by the 
illumination lens system 53. Furthermore, a beam stopper 
54a is provided on the optical axis extending linearly from the 
semiconductor laser light source 52 so as to be opposite the 
illumination lens system 53 and with the ?ow cell 51 inter 
posed therebetween. A photodiode 54 is arranged on the 
optical axis downstream of the beam stopper 54a. 

[0039] When the sample ?ows through the ?ow cell 51, 
optical signals of scattered light and ?uorescent light are 
generated by the laser light. Among these, the forward scat 
tered light signals irradiate toward the photodiode 54. Among 
the light advancing along the optical axis extending linearly 
from the semiconductor laser 52, the direct light of the semi 
conductor laser 52 is blocked by the beam stopper 54a, and 
only the scattered light (hereinafter referred to as “forward 
scattered light”) advancing along the optical axis direction 
enters the photodiode 54. The forward scattered light emitted 
from the ?ow cell 51 is subjected to photoelectric conversion 
by the photodiode 54, and the electrical signals (hereinafter 
referred to as “forward scattered light signals”) generated by 
this conversion are ampli?ed by an ampli?er 54b, and output 
to the control unit 8. The forward scattered light signals re?ect 
the siZe of the blood cells, and the siZe of the blood cells and 
the like can be obtained when the control unit 8 subjects the 
forward scattered light signals to signal processing. 
[0040] Furthermore, a side collective lens 55 is arranged at 
the side of the ?ow cell 51, in a direction perpendicular to the 
optical axis extending linearly from the semiconductor laser 
light source 52 to the photodiode 54, and the lateral light 
(light emitted in a direction intersecting the optical axis) 
generated when the semiconductor laser irradiates the blood 
cells passing through the ?ow cell 51 is collected by the side 
collective lens 55. A dichroic mirror 56 is provided on the 
downstream side of the side collective lens 55, and the signal 
light transmitted from the side collective lens 55 is divided 
into a scattered light component and ?uorescent light com 
ponent by the dichroic mirror 56. A side scattered light pho 
toreceptor photodiode 57 is provided at the side (the direction 
intersecting the direction of the optical axis connecting the 
side collective lens 55 and the dichroic mirror 56) of the 
dichroic mirror 56, and an optical ?lter 58a and avalanche 
photodiode 58 are provided on the optical axis on the down 
stream side of the dichroic mirror 56. Then, the side scattered 
light component separated by the dichroic mirror 56 is sub 
jected to photoelectric conversion by the photodiode 57, and 
the electrical signals (hereinafter referred to as “side scattered 
light signals”) generated by this conversion are ampli?ed by 
an ampli?er 57a and output to the control unit 8. The side 
scattered light signals re?ect the internal information (siZe of 
the nucleus and the like) of the blood cells, and the siZe of the 
nucleus of the blood cell and the like can be obtained when the 
control unit 8 subjects the side scattered light signal to signal 
processing. Furthermore, the side ?uorescent light compo 
nent emitted from the dichroic mirror 56 is subjected to wave 
length selection by the optical ?lter 58a, and subsequent 
photoelectric conversion by the avalanche photodiode 58, and 
the electrical signals (side ?uorescent light signals) thus 
obtained are ampli?ed by an ampli?er 58b and output to the 
control unit 8. The side ?uorescent light signals re?ect infor 
mation related to the degree of staining of the blood cells, and 
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the stainability of the blood cells can be obtained by subject 
ing the side ?uorescent light signals to signal processing. 
[0041] The avalanche photodiode has the characteristic that 
the signal-to-noise S/N ratio of the output signals decrease as 
the acceptance surface increases. Furthermore, although the 
S/N ratio can be improved by increasing the intensity of the 
light emitted from the semiconductor laser 52, the effect 
decreases When the acceptance surface of the avalanche pho 
todiode 58 is reduced, and such a solution is not desirable 
from the perspective of the energy consumption since the 
energy consumption increases as the level of the output light 
increases. Therefore, it is important to have the acceptance 
surface of the avalanche photodiode 58 as small as possible. 
When the acceptance surface of the avalanche photodiode 58 
is reduced excessively, the acceptance surface may be smaller 
than the image of the particles imaged on the acceptance 
surface of the avalanche photodiode 58 by the side collective 
lens 55, in Which case side ?uorescent light signals that accu 
rately re?ect information related to the particles can not be 
obtained. Furthermore, although reducing the magni?cation 
poWer of the side collective lens 55 so as to reduce the image 
of the particle to be smaller than the acceptance surface can be 
considered, When the acceptance surface is excessively small, 
it becomes di?icult to position the optical axis, thus requiring 
greater assembly precision and increasing costs. 
[0042] Moreover, although it is desirable that the accep 
tance surface of the avalanche photodiode 58 is small, When 
the acceptance surface is reduced, part of the particle image 
may be outside the acceptance surface depending on the 
degree of aberration of the side collective lens 55 manifesting 
the particle image that is formed on the acceptance surface. 
Therefore, the aberration of the side collective lens 55 must be 
reduced in conjunction With the smaller acceptance surface of 
the avalanche photodiode 58. Furthermore, the side collective 
lens 55 must have a high numeric aperture (NA) since the 
?uorescent light measured by the avalanche photodiode 58 is 
often Weak. Accordingly, the side collective lens 55 is an 
aspheric lens. FIG. 9 is a side section vieW shoWing the shape 
of the side collective lens 55. The side collective lens 55 is a 
biconvex lens, in Which the radius of curvature of the lens 
surface decreased from the center part toWard the edge part. 
Although FIG. 9 shoWs the side collective lens 55 as a plano 
convex lens, the apparently ?at surface is actually slightly 
curved. Speci?cally, the shape of the lens surface of the side 
collective lens 55 is described by the equation beloW. 

Where the folloWing obtains. 
X: position in the optical axis direction 
Y: distance from the lens center in the direction in Which the 
optical axis advances 
K: shape coef?cient 
Co: coef?cient representing the curvature of the base surface 
(spherical surface basis of the aspherical surface) 
Ci: aspherical surface coef?cient 
i: integers l~n 
[0043] The lens surface shape of the side collective lens 55 
is a curved surface obtained When the curvature represented 
by the equation above is rotated about optical axis. The coef 
?cients Co, K, and Ci match the lens magni?cation and focal 
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length and the like, and are set at values that doe not generate 
aberration. Thus, the aberration readily generated at the edge 
of the lens can be suppressed. Furthermore, the NA of the side 
collective lens 55 is 0.60. In this Way, the NA can be set high 
and the in?uence of lens aberration can be eliminated by 
having an aspheric lens of a shape that suppresses the gen 
eration of aberration. Therefore, the entire image of the par 
ticle is accurately formed on the acceptance surface of the 
avalanche photodiode 58 by the side collective lens 55, and 
the amount of light arriving at the acceptance surface of the 
avalanche photodiode 58 can be increased, With the result that 
Weak ?uorescent light can be detected by the avalanche pho 
todiode 58. 

[0044] Furthermore, the only lens provided at the side of 
the ?oW cell 51 is the single-piece aspheric surface side 
collective lens 55. although it is possible to suppress aberra 
tion by combining multiple spherical lenses, this solution 
Would increase the cost, the amount of light Would be reduced 
since the light Would pass through a plurality of lenses, and 
the siZe of the ?oW cytometer Would increase. Therefore, the 
cost can reduced, light loss can be suppressed, and the ?oW 
cytometer can be realiZed more compactly by the a structure 
in Which the side scattered light and side ?uorescent light is 
collected by a side collective lens 55 that is single-piece 
aspheric surface lens. 
[0045] In this Way, aberration is reduced by a side collective 
lens 55 that is an aspheric surface lens, and the acceptance 
surface of the avalanche photodiode 58 can be reduced. The 
siZe of the acceptance surface can be set in consideration of 
the siZe of the particle to be measured, the performance (NA, 
degree of aberration) of the side collective lens 55, output 
level of the semiconductor laser 52, and S/N ratio of the 
output signal of the avalanche photodiode 58. In the present 
embodiment, the White blood cells that are the measurement 
objects are usually approximately 7~20 ?m and present in 
peripheral blood, and since an aspheric lens having slight 
aberration is used, an avalanche photodiode 58 having a cir 
cular acceptance surface l~2 mm in diameter may be used. 

[0046] The RBC detection unit 6 can measure the number 
of red blood cells and platelets by a sheath ?oW DC detection 
method. The RBC detection unit 6 has a ?oW cell, and sample 
is supplied from the previously mentioned chamber 22 to the 
?oW cell. When measuring red blood cells and platelets, a 
sample is prepared by mixing solution ?uid With the blood in 
the chamber 22. The sample is supplied from the sample 
supply unit to the ?oW cell together With the sheath ?uid, and 
a ?oW is formed in Which the sample is encapsulated in the 
sheath ?uid Within the ?oW cell. Furthermore, an aperture 
With an electrode is provided in the ?oW path in the ?oW cell, 
and the direct current (DC) resistance in the aperture is 
detected When the blood cells in the sample pass thought the 
aperture one by one, and the electrical signal of the DC 
resistance is output to the control unit 8. since the DC resis 
tance increases When the blood cell passes through the aper 
ture, the electrical signal re?ects information of the passage 
of the blood cell through the aperture, and the red blood cells 
and platelets can be counted by subjecting the electrical sig 
nals to signal processing. 
[0047] The HGB detection unit 7 is capable of measuring 
the amount of hemoglobin by the SLS hemoglobin method. 
The HGB detection unit 7 is provided With a cell for accom 
modating dilute sample, sample is supplied from the chamber 
22 to this cell. When measuring hemoglobin, a sample is 
prepared by mixing dilution liquid and hemolytic reagent in 
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blood in the chamber 22. The hemolytic reagent has the 
characteristic of transforming hemoglobin in the blood to 
SLS hemoglobin. Furthermore, a light-emitting diode and 
photodiode are arranged in opposition With the cell inter 
posed therebetWeen, and light emitted from the light-emitting 
diode is received by the photodiode. The light-emitting diode 
emits light of a Wavelength that has high absorption by SLS 
hemoglobin, and the cell is formed of a plastic material of 
high transparency. Thus, in the photodiode, only the trans 
mission light absorbed by the dilute sample is received among 
the light emitted by the light-emitting diode. The photodiode 
outputs electrical signals corresponding to the amount of 
received light (optical density) to the control unit 8, and the 
control unit 8 compares this optical density With the optical 
density of the dilution liquid alone Which Was measured 
beforehand, then calculates the hemoglobin value. 
[0048] The control unit 8 receives the electrical signals 
from the WBC detection unit 5, RBC detection unit 6, HGB 
detection unit 7 as described above, and data representing the 
siZe of the blood cell, siZe of the nucleus of the blood cell, 
stainability of the blood cell, red blood cell count, platelet 
count, hemoglobin value and the like are transmitted from the 
control unit 8 to the data processing unit 3. The data process 
ing unit 3 is con?gured by a computer provided With a CPU, 
ROM, RAM, hard disk, communication interface, input unit 
including a keyboard and mouse and the like, and a display 
device. The communication interface is, for example, an 
RS-232C interface, USB interface, Ethernet (registered 
trademark), and is capable of sending and receiving data 
to/ from the measurement unit 2. Furthermore, an operating 
system, and application program for analyZing the measure 
ment data received from the measurement unit 2 are installed 
on the hard disk of the data processing unit 3. In the data 
processing unit 3, measurement data are analyZed, White 
blood cell count (WBC), red blood cell count (RBC), hemo 
globin amount (HGB), hematocrit value (HCT, mean red 
blood cell volume (MCV), mean red blood cell hemoglobin 
(MCH), mean red blood cell hemoglobin concentration 
(MCHC), platelet count (PLT), are calculated, and a scatter 
gram is preparedusing the side scattered light signals and side 
?uorescent light signals, and the White blood cells are classi 
?es as neutrophils, lymphocytes, monocytes, eosinophils, 
and basophils When the CPU executes the application pro 
gram. 

[0049] The inventors performed experiments using the 
sample analyZer of the present embodiment. The experimen 
tal results are described beloW. In this experiment, White 
blood cells in blood samples Were measured, and scatter 
grams prepared using the sample analyZer of the present 
embodiment, and a conventional sample analyZer (Sysmex 
model XE-2l00) With a ?oW cytometer that receives ?uores 
cent light. 
[0050] FIG. 10 is a scattergram prepared using the conven 
tional sample analyZer, and FIG. 11 is a scattergram prepared 
using the sample analyZer of the present embodiment. In 
FIGS. 10 and 11, the vertical axis shoWs the intensity of the 
side ?uorescent light (level of received light), and the hori 
Zontal axis shoWs the intensity of the side scattered light (level 
of received light). In this experiment, measurement Were 
performed using identical normal blood samples. Neutro 
phils, lymphocytes, monocytes, and eosinophils respectively 
formed de?nite clusters in the measurement results of the 
conventional sample analyZer as shoWn in FIG. 10. In the 
conventional sample analyZer, White blood cells Were classi 
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?ed in four categories of neutrophils, lymphocytes, mono 
cytes, and eosinophils, and basophils Were not classi?ed. 
Since the model XE-2l00 used in this experiment is con?g 
ured to perform four classi?cations in a measurement channel 
for classifying White blood cells, and detect only basophils in 
another separate measurement channel, the scattergram in 
this instance does not depict the region in Which the basophils 
are present. Since the sample analyZer 1 of the present 
embodiment is con?gured to classify White blood cells as ?ve 
classi?cations of neutrophils, lymphocytes, monocytes, eosi 
nophils, and basophils all at the same time, the basophils are 
also depicted in the scattergram. In the measurement results 
of the sample analyZer of the present embodiment shoWn in 
FIG. 11, neutrophils, lymphocytes, monocytes, eosinophils, 
and basophils form de?nite clusters, and White blood cells are 
classi?ed With high precision. Thus, analysis of White blood 
cells in blood samples can be performed With high precision 
using the sample analyZer of the present embodiment. 
Although omitted from the description, a similar experiment 
in classifying red blood cells as mature red blood cells and 
reticulocytes Was performed and excellent results Were 
obtained for both the conventional sample analyZer and the 
sample analyZer of the present embodiment. 
[0051] Although the shape of the acceptance surface of the 
avalanche photodiode 58 is circular With a diameter of l~2 
mm in the present embodiment, the shape is not limited to this 
shape inasmuch as the diameter may be, for example, a cir 
cular shape of 0.1 mm to 1 mm, the shape may be square With 
an side length of 0.l~2 mm, or may be a rectangular shape 
having a surface area of the same degree. 

[0052] Furthermore, although the side collective lens 55 is 
a biconvex aspheric lens in the present embodiment, the lens 
is not limited to this lens inasmuch as the side collective lens 
55 may be a plano-convex aspheric lens insofar as the shape 
suppresses the generation of aberration. 
[0053] Although the structure of the WBC detection unit 5, 
Which uses the White blood cells in peripheral blood as the 
measurement object, is described in the resent embodiment, 
the detection unit is not limited to this structure inasmuch as 
blood cells other than White blood cells, such as megakaryo 
cytes, reticulocytes, nucleated red blood cells, and the like, 
and macrophages that are nearly absent in peripheral blood 
although White blood cells may be included as measurement 
objects. In this case, the siZe of the acceptance surface of the 
avalanche photodiode 58 may be set so as to accurately detect 
the images of large cells such as megakaryocytes and mac 
rophages. 
[0054] Also in this case, a measurement sample may be 
prepared by mixing a blood sample and solution liquid and 
staining ?uid Without adding hemolytic reagent, and prepar 
ing a scattergram using the ?uorescent light signals and side 
scattered light signals (for example, front scattered light sig 
nals), so as to classify reticulocytes, nucleated red blood cells, 
mature red blood cells, White blood cells and other blood 
cells. 

[0055] Although the con?guration of preparing a scatter 
gram for ?ve classi?cations of White blood cells using side 
?uorescent light signals and side scattered light signals has 
been described in the present embodiment, the con?guration 
is not limited to this con?guration inasmuch as the avalanche 
photodiode may be arranged forWard of the ?oW cell to detect 
forWard ?uorescent light, so as to classify White blood cells in 
?ve classi?cation by forWard ?uorescent light and side scat 
tered light. Furthermore, a scattergram may be prepared using 



US 2009/0310122 A1 

?uorescent light signals detected by the avalanche photo 
diode 58 and other signals, so as to classify White blood cells 
in ?ve classi?cations. For example, forward scattered light 
signals may be used instead of side scattered light signals. 
Moreover, the position of the photoreceptor element may be 
changed so as to detect loW angle scattered light and high 
angle scattered light, such that White blood cells can be clas 
si?ed in ?ve classi?cations using ?uorescent light signals, 
loW angle scattered light signals, and high angle scattered 
light signals. A pair of electrode may be arranged to have the 
ori?ce 51a of the ?oW cell 51 interposed therebetWeen, so as 
to detect the DC resistance value or high frequency resistance 
value betWeen the electrodes, Whereupon the ?uorescent light 
signals and DC resistance signals (characteristics are similar 
to forWard scattered light signals) or high frequency resis 
tance signals (characteristics are similar to side scattered light 
signals) can be used to classify White blood cells. 
[0056] Although the con?guration of a sample analyZer 1 
for performing blood cell counts has been described in the 
present embodiment, the con?guration is not limited to this 
con?guration inasmuch as, for example, the sample analyZer 
may be con?gured for measuring particles in urine (urine 
solids) by means of a ?oW cytometer having an avalanche 
photodiode as a photoreceptor element, and a sample ana 
lyZer con?gured to measure cultured cells using a ?oW 
cytometer having an avalanche photodiode as a photoreceptor 
element. 
[0057] Although the sample analyZer 1 is con?gured With 
the measurement unit 2 and data processing unit 3 provided 
separately in the present embodiment, the con?guration is not 
limited to this con?guration inasmuch as the sample analyZer 
may be an integrated unit possessing the functions of both the 
measuring unit 2 and the data processing unit 3. 
[0058] The foregoing detailed description and accompany 
ing draWings have been provided by Way of explanation and 
illustration, and are not intended to limit the scope of the 
appended claims. Many variations in the presently preferred 
embodiments illustrated herein Will be obvious to one of 
ordinary skill in the art, and remain Within the scope of the 
appended claims and their equivalents. 
What is claimed is: 
1. A blood analyZer comprising: 
a preparation section for preparing a measurement sample 
by mixing at least a staining reagent for staining White 
blood cells With a blood sample; 

a detection section for detecting at least a ?rst characteris 
tic information and a second characteristic information 
representing characteristics of the measurement sample 
from the prepared measurement sample; and 

an analysis section for classifying the White blood cells 
contained in the measurement sample into a plurality of 
classi?cations based on the detected ?rst characteristic 
information and second characteristic information, 

Wherein the detection section comprises a light source for 
irradiating a measurement sample With light; and ava 
lanche photodiode for receiving ?uorescent light from 
the measurement sample irradiated With light and out 
putting a ?uorescent light signal corresponding to the 
intensity of the received light, and 
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the ?rst characteristic information is the ?uorescent light 
signal output from the avalanche photodiode. 

2. The blood analyZer according to claim 1, Wherein 
the detection section comprises a light receiver for receiv 

ing scattered light from the measurement sample irradi 
ated With light, and outputting a scattered light signal 
corresponding to the intensity of the received light, and 

the second characteristic information is the scattered light 
signal output from the light reception section. 

3. The blood analyZer according to claim 2, Wherein 
the light receiver comprises a photodiode. 
4. The blood analyZer according to claim 1, Wherein 
the detection section comprises an electrical resistance 

detector for detecting the electrical resistance of the 
measurement sample, and 

the second characteristic information is the electrical resis 
tance signal output by the electrical resistance detector. 

5. The blood analyZer according to claim 1, Wherein 
the analysis section is con?gured so as to generate a scat 

tergram based on the ?rst characteristic information and 
the second characteristic information, and classify the 
White blood cells based on the generated scattergram. 

6. The blood analyZer according to claim 1, Wherein 
the detection section comprises: 

a ?oW cell for forming a liquid ?oW of the measurement 
sample; and 

an aspheric lens Which light passes through from the 
?oW cell, Wherein the light source irradiates the mea 
surement sample in the ?oW cell With light, 

the avalanche photodiode receives the ?uorescent light 
Which has passed through the aspheric lens. 

7. The blood analyZer according to claim 1, Wherein 
the light source comprises a semi conductor laser. 
8. Blood analyZing method comprising: 
preparing a measurement sample by mixing at least a stain 

ing reagent for staining White blood cells With a blood 
sample; 

irradiating the measurement sample With light; 
receiving ?uorescent light from the measurement sample 

irradiated With light by an avalanche photodiode, and 
scattered light from the measurement sample irradiated 
With light by a light reception section; 

outputting a ?uorescent light signal corresponding to the 
intensity of the received light from the avalanche pho 
todiode, and a scattered light signal corresponding to the 
intensity of the received light from the light reception 
section; and 

classifying the White blood cells contained in the measure 
ment sample into a plurality of classi?cations based on 
the output ?uorescent light signal and the output scat 
tered light signal. 

9. The blood analyZing method of claim 8, Wherein 
the classifying comprising 
generating a scattergram based on the ?uorescent light 

signal and the scattered light signal; and 
classifying the White blood cells based on the generated 

scattergram. 


